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@ A method of recovering non-ferrous metals from their sulphide ores.

@ A method of recovering non-ferrous metails from their
ores comprises introducing the ore into a molten suliphide
carrier that is forcibly circulated through an extraction circuit
{11}, including an ore disposer (10} and an oxidiser (15) con-
tacting the molten carrier containing the dissolved or meited
ore with oxygen in the oxidiser (15) to oxidise at least part of
the ore or carrier, recovering heat thereby generated by the
molten carrier, and transmitting the heat by means of the

carrier to endothermic sites in the circuit.
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This invention relates to a method of recoverinz

non-ferrous metals from their sulphide ores.

In its broadest aspect, the invention resides irn :
method of recovering a non-ferrous metal from a
sulphide ore of the metal using 2 metal extraction
circult from whiéh said non-ferrous metal or its sulphide

can be continucusly extracted at an elevated temperature,

-

(3%

the method comprising the steps of forcibly circulating
molten sulphide carrier compositien through the extraction
circuit, introducing the sulphide ore into the molten
carrier composition at an ore receiving staticn so that
the ore 1s dissolved in.or melted by the composition,

and contacting the molten carrier composition containing
said ore with oxygen at an oxidation station so as to

oxidize at~-least part of the ore and/or the molten carrier

composition, heat generated during the oxidation step
+
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In the method described in the preceding paragraph,
the circulating molten sulphide carrier composition not
only serves to transport the ore between the wvarious
processing stations, but also serves to recover the hezat
generated during the oxidation step .(which will necessariiy
be exothermic) and transfer this heat to endothermic sites.
In this way, the energy input regquired to achieve con-
tinucus extraction of the pon-ferrous metal or its sulphide
can be dispensed with or feduced.

In a further aspect the invention resides in—a
method of recovering = non-ferrous metal from a
sulphide ore of the metal using a metal extraction circuit
from which said non-ferrous metalrcan be continuously
extracted, the methecd comprising the steps of forcibly

circulating a molten sulphide carrier composition through
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Vof the motive force required to circulate said molten
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the circuit, introducing the sulphide ore into the
circulating molten carrier cdmpobitioﬁ at an ore .
receiving station so that the ore is dissolved in or %
melted by tﬁe composition, and contacting the molten
carrier composition containing said ore with oxygen

at an oxidation station so that (a) the sulphide ore is
converted to the non-ferrous metal to be extfacted, or
(b)'a further sulphide in said composition or said ore
is converted tq a material capable, directly or after
further processing, of reducing said sulphide ore to
produce said non-ferrous metal to be extracted, and §

subsequently removing said non-ferrous metal, heat

generated during the oxidation step being recovered by
the molten carrier composition and being tTransmitted

thereby to endothermic sites in the circuit.

Preferably, the extraction circuit includes a
reduced pressure vessel where a volatile material in the
form of said metal or sulphide to be extracted or a

volatile impurity is removed by suction.

Preferably, the ore is reduced in said vessel to
produce said metal to be extracted or said wvolatile
impurity.

Preferably, the suction provides at least part
sulphide composition.

-

Preferably, said molten composition is caused to

circulate by injecting a gas into said composition at

said reduced pressure vessel so as to produce a localised .
decrease in the density of the composition and thereby
allow the suction & draw the composition into said’

vessel,

Preferably, said circuit includes a slag removing

.- : 4 be remove
station where surface slag on the composition can e
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Freferably, the slag i1s cleened prior to remocval
conveniently in addition to the slag of a2 chemical redu- =
agent, preferably a carbonaceous material, and/or irer

pPyrites or the ore itself.

Preferably, where the metal to be extracted is =3
the molten sulphide composition contains copper sulphic-
and the oxidation converts the copper sulphide tc copper
which then defines said material capable of directly

reducing the zinc sulphide ore to zinc,

Alternéﬁyely, where the metal to be extracted is
zinc, the circulating mbdlten composition contains iron
sulphide and the oxidation converts the iron sulphide tc
iron oxide which defines sazid material capable, aftex
further processing, of reducing the zinc sulbhide ore tc
zinc, the further processing of the iron oxide including'
reducing the ifon oxide to metallic iron, préferaily witk

a carbonaceous material.

Alternatively, the metal to be extracted is copper cor
nickel and the oxidation convertis the copper or nickel

sulphide ore to the required cépper or nickel,

Alternatively, said ore is a tin sulphide ore and tin
sulphide is removed as the volatile material in the reduced

pressure vessel,

Preferably, said oxidation station includes means
located above the circulating composition for directing
a jet of air, oxygen, or oxygen-enriched air onto the

composition.,

.In the accompanying drawings: )
Figure 1 is a~block diagram illustrating 2 method of

recovering zinc according to one example of. the invention,

! -
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Figure 2 is a diagrammatic illusération of the
reéuced pressure vessel used in the method of said ooe
example, and -_

Figures 3 to 5 are plan view illustrating
diggrammatically respective modifications of said one
example,

Referring. to Figures 1 and 2, in the method of said
one example zinc is extracted from a concentrated lead/
zinc/copper sulphide ore, one readily available example
of such an ore concentrate containing 49.2% lead, 7.6%
zinc, 4.5% copper, 13.4% iron and 22.9% sulphur, all by
weight. The ore concentrate is introduced in any con-
verilent fominto an ore dispersing unit 10 where it 4is
melted by, and dissolved in, a continuocusly circulating
stream 11 of a2 molten matte. The matte is an impure
copper sulphide which is generally referred to as white
metal and which normally contains less than 5% by weight oi
iron, Conveniently, the temperature of the molten métte‘

in the unit 11 is of the order of 1150 - 1350°C.

From the ore dispersing unit 10, the ore isrcarried
by the molten matte “to a counter current contactor 12 and
then to a reduced pressure vessel 13, whereafter the )
molten matte passes by way of a separator 14 to an
oxidising unit 15 and then a slag cleaner 16 before

returning to the ore dispersing unit 10. In the

.example shown the components 10 and 12 to 16 are shown

as separate intercomnected processing units. In practice,
however, it may be desir?ble to perform the entire method
within a single furnace with the molten matte being
directed by baffles between the various spaced processing
stations.

In the counter current contactor 12, the stream 11

of molten matte and dissolved ore flows over a S8eXles
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of weirs c¢f dincreasing height; while a2 stream 17 of molien

copper (alloyed with a small quantity of lead) taken

from the outfiow of the vessel 13 flows in the opposite

direction through the contactor 12. This counter

current flow ensures effective contact between the

streams 11,

17 so that the molten copper removes the

majority of the lead from the dissolved ore by the

following reaction:

In order to increase the efficiency of this reaction, it

2Cu + PbS = Pb + Cuzs

may be desirable to agitate the interface between the

streams 11,

17 so a8 to increase the turbulence and the

active surface area of contact at the interface. The

molten metal phase in the contactor 12 collects between the

weirs and,; as the reaction proceeds, the lead content -

increases so that lead~rich 2lloy can be removed fro=

the contactor 12 for purification, any copper remove:

with the molten alloy being returned to the centactco: 12

v -

After leaving the contactor 12, the molten matte

together with the lead depleted ore is lifted into the

vessel 13 by a vacuum pump which provides the motive

force necessary to circulate the molten matte, Also

flowing °~ into the vessel 13 is part of the molten copper

14 and the oxidising unit 15. The meolten copper rezcts

with the zinc sulphide in the dissolved ore to produce

The metallic zinc, which is volatile under the conditions -~
existing in

vacuum pump for collection in a suitable external candensex

(not shown).

'metallic zinc according to the following reaction:

2Cu + ZnS = Cu28 + Zn —

the vessel 13 is then withdrawn by the

Any dimpure zinc dross deposited in the «
RAN NRIGINAL

.which, as described below, is obtained from the sepanator
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condenser or elsewhere is recycied to the vessel i3.

_As shown in Figure 2, the vessel 13 is similar 1< the
apparatus used in the RH steel de-gassing process aaa
includes a cylindrical, vertically extending chamber 1§
lined with refractory material and formed at its base with
inlet and outlet legs 19, 21 respectively for the molten
matte 12, At 1ts upper end, above the level of the mclten
reaction mixturé, the chamber 18 1s connected by way of a
conduit 22, a dust catcher 23, and a condenser {not shown)
to the vacuum pump(s), conveniently one or more Roots pumps
or a steam jet ejector system. A stream 24 of inert or
active gas is directed in%o the inlet leg 19 of the chamber

"so as to produce a localised reduction in density of the
molten matte 12 whereby the wvacuum pump(s) raise ithe

matte through the inlet leg 19 into the chamber 21. The
turbdlence thereﬁy induced in the matte 12 flowing into

the chamber 21 ensures intimate contact between the ore-
and the molten copper which is directed into the chamber 21
a2t any convenient point. Preferably the molten coppex,
‘after introduction into the chamber 21, is caused to form

a sefies of attenuated streams or ligaments with increased
surface areé. Conveniently, a further inexrt gzs streaﬁ coul
be introduced into the vessel to assist removal of the veolat

The'molten material leaving the de-~zincing vessel
13 flows initially to the separator 14, where the
remaining molten copper together with any dissolved lead
separates and is directed to the vessel 13 and, as the
stream 17, to the counter current contactor 12. After -
separation of the c0pper; the molten matte passes to the
oxidising unit 15 where oxygen is blown into the matte
so as to oxidise the matte solution in accordance with

the feollowing reactions :-

e
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The oxidation of the ferrous sulphide occurs:s preferert-
and the iron oxides rroduced rezct with suiizbie flux
additions to form sizg on the surface of the moltex ma...
The molten copper is removed from the oxidising urit 1%
and part 1s returned toc the de-zincing vessel 13 for
reducing the zinc sulphide, while the remainder is cslle.s
as blister copper. The blister copper is fed to an
externzl furmace to adjust its sulphur and oxygen conten-
before being electrolyticelly purified. The sulphur

dioxide produced during
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can be converted tc suiphuric z2cld or fixed as elemsantz.
Il

sulphur in the manner

Cenvenrienily, oxvgen is intr
unit 15 by way ¢f a2 plurelisy of oxygen lances logs .o -
2bove the molten matte, the {orced

matte ensuring that

B

la
v slag is removed from the vizizmite
a

uzte oxvgen penetraticn of th:

an
of the lances sc that ade
matte is possible. It is, however, important to

avoid excessive oxidatiocn of the matte since any currcus
oxide pfoduced will tend to dissolve in the slag and henc-
increase the difficulty of the subsequent slag cleaning
operation. In order to control the oxidation, it mzay be
advisable to provide a cellular-arrangement of elcsely
positioned oxygen lances so that the circulation patterms
produced in the surface of the matte by impingehent of this
oxygen jets are reduced by interference with one ancthsesr ¢
limit oxygen dissolutien and diffusion through the liguid

matte.

After passage through the oxidising urit 15, The matt

stream 11 overilows into the slag cleéaner 16 vhEtk s

Pl

) ' BAD ORIGINAL
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located at a lower level than the mit 15, In the cicozes
16 iron pyrites is added to the slag to decrease th: zmocur:
of dissolved copper in the slag and possibly to resic-=
the sulphur balance of the matte. In addition, cocal =x
another sultable chemical reductant may be added to tne
slag during the cleaning process so that any iron sulphide
oxidized to magnetite in the oxidising unit 15 can be
reduced to ferrous oxide so0o as to reduce the oxygen
pOtential of the slag and hence lower the solubiliiy of
copper in the slag. After cleaning, the slag is

removed while the molten matte is returned to ‘the ore
dispersing unit 10 to be recycled. Ho%ever, before
recycling it may be desirable to add further coal or other
reductant to the matte, preferably with the métte being
agitated, so as to convert cuprous oxide dissolved in thé
matte to metallic copper.

It will be appreciated that in the method described
above, the oxidation occurring in the unit 15 is excthermic
and hence raises the temperature of the molten matte,
whereas the processes occurring in the slag cleaner 16, the
ore dispersing unit 10 and most particularly in the
de-zincing vessel 13 are endothermic and hence lower the
temperature of thé matte. The circulating matte, however,
acts to recover the heat generated during the exothermic
parts of thé process and transfer this heat to sites of
endothermic reaction. In. this way, provided -the mass
flow rate of the circulating métte is considerably larger
than the rate of input of ore, the energy input reguired )
to maintain the process can be minimised, The prefe?red
ratio of circulating matte to dissolved ore will vary with
the thermal requirements of the system concerned and
the need on the one hand to maintain the maite above
its liquidus temperature and the practical difficulties on
the other hand of achieving accéptable refractory life at

high temperatures. In general, however, with the
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producticm of zinc by the method described above the ma::.
circulatZon rate is preferably 20-80 moles of matte for

each mole of zinc contained in the ore concentrate,

Fu—ther it is to be unders‘tooa that din practice tii:
method de=scribed above is controlled so as to ensure tha:
the composition of the matte at the end of each cycle is
substantZ=ally constant despite the continuous addition
of the oc—= and the recovery of. zinc and other metals in
the ore. If necessary, however, the matte could be
replenisized by the addition of extra matte,' or a mé.t.erial

containfi=g copper sulphide or metallic copper,

As =n alternative to the method described above, the
ore comc=ntrate could be added directly to the vessel 13,
preferzz_y in micro-pelletised form, in which case the
ore disse=rsing unit 10 would be -omitted. In view of the
obvious =—pmpliications involved in adding sclids to an
evacuate system, 1t i1s in general preferable to ad-  the

ore sep=—mtely from the vessel 13. However, with ore

concent=—=1tes which are difficult to disperse in the
molten —=tte, the violent gas evolution and extreme
turbule——=z existing in the wvessel 13 would enhance the ore
disper==_" and could ‘make it worthwhile accepting the
additic—=1 complication necessary for the concentrates to
be int=—=mced into the vessel 13. - Moreover, adding the

ore com—=mtrates directly to the vessel 13 may be dedirable

to incz===se chemical act:i.vity and thereby allow high rates o=

products =xtraction and harmful impurity elimination to be

obtaine=_

WEx=re the method described above is used to extract
zinc fr—=x= ores having a low iron content, maintaining the
matte w===hin the 0ptin{mn operating temperature range may

require —Xhe s;upply of extermal heat to the matte. This

could = wmchieved by mecans of an oxy-fuel burner which would

prefer=E=*y be located between the de—z:.nc1ng vessel 13 and "nm
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the oxidising unit so as to contact the matte while
substantially free of surface slag, A modification of tre

above example including an‘oxy—fuel burner 25 is shown in

Figure 3, in which the burner is used to raise the temperaturé i

of the molten matte before. it enters the oxidising unit 15,
the circulation of the matte preventing slag build-up around
the burnér. In this modification, the matte is again white
metal whereas the ore is a Broken Hill high grade zinc
concentrate contazning'SB 9% zinc, 32.2% sulphur, 0.6% lead,
8.,75% iron and 1.7% silica, all by weight. With such a low
lead content in the ore the_need for.a separate lead-
extraction stage, the_counter curfent contactof 12 and
separator 14 in Pigure 1, 15 avolded, the small quantities
of lead-in the ore being extracted with the zimc inm the

vessel 13. Moreover, an excess of the stoichiometric

. quantity of me%al;ic copper required for extracting the =zinc

may- be circulated between the vessel 13 and the oxidising
unit 15, However ' '
of copper, addition of a copper-containing material would be
necessary to compensate for the inevititable copper lossee

from the matte.

The method described above.employing a white metal
matte can also_ﬁe used to treat the well-kmown McArthur

River bulk flotation concentrate which contains 29,2% zinc,

9.5% lead, 13.2% iron, O. 6% copper, 28.5% sulphur, and =

total of 13.3% of silica and alumina, all by weight. Agaln
the lead/glnc ratio 1s too small to involve separation of a
separate lead phase before the wvacuum de-zincing stage.
Moreover, in this case the need for an extermal heat input
by way of the oxy-fuel burner shown in Figure 3 may be
obviated if the ore concgntrate is added as dry, micrc- -
pellets directly to the vessel 13.

In a further médification of the above example, the
matte is a copper sulphide/iron sulphide mixture containing

50-70% by weight of copper whereas the ore is a copper-zinc

-
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ccncentrate céntaining 25.6% copper, 10%.zinc, 1.7% lecd
24% iron, and 33% sulphur, all by weight. Again the nw:c
fcr a separate lead extraction stage is avoided. Howzwox,
as showvn in Figure 4, in this modified methecd, to avoid
excessive loss of Eopper through dissoclution of cuprous
oxide in the large amount of slag produced, the oxidising
unit 15 is divided inte first and second parts 15z, 15b
respectively, The major portion of the matte passes through
the first part 13§ and, as in the previous example, is
oxidised by oxygen lances located above the matte stream,
However, the oxidation in the part 153 is controlled so
that only the preferent al oxidatién of the ferrous sulphide
occurs, although of course this raises the temperature of
the matte.  The minor portion of the matte is directed
through the second paft 15b and is top blown with oxygen-
enriched air so that both iron and copper sulphides are
oxidised to produce a molten copper phase as well as a
slag phase containing iron oxides and inevitably soms
dissclved cuprous oXxide. The molten copper phase produced
in the part 15b is separated so that part can be extracted
as blister.copper and the remainder fed back to. the
de-zincing wvessel 13. After passing through the part i5b,
the remaining matte and slag phases are remixed in a cas-
cade fashion with the main matte stream in the slag
cleaner 16, with coal conveniently being introduced into
the remixing region so as to reduce the oxygen potential

of the slag and hence decreases the soclubility of the
cuprous oxide in the slag. In addition, as described with
reference to Figure 1, further slag cleaning is provided

by the addition of iron pyrites to the slag.

Referring to Figure 5, in yet a further modification
of the above example, the matte employed is of a low grade
in terms of its copper content and may even be.cqmposed

principally of jiron oxide and iron sulphide, As in

1@)
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thagrprevitus nodifideationy; the ore i o sreniio LioL o Lo

lead content and hence a separate lead separation ztazs

is unnecessary, Moreover, in view of the low copper

content of the matée, the loss of copper during oxidaticn

of the matte is no longer a problem and hence a single
oxidising unit 15 is employed. However, oxidztion

of the matte will now proceed mainly in accordance with

the following reaction:

0 = 25
2 Fe? + 3 > 2 02 + 2Fe9
to produce ferrous oxide and hence it is'necessary to
reactivate the oxidised matte, -conveniently with a carbon

reducing agent such as coal or coal char, The reducing

"agent is conveniently added between the slag separation

stage and the wvessel 154, with agitators 26 conveniently
being provided to ensure adeguate mixing between the
reducing agent and the matte stream. Reduction of the

ferrous oxide produces metallic iron accerding to the

FeD + C = Fe + CO

although, unlike the copper-rich matte employed previously,
the metallic iron remains in solution in the matte. In
addition, it will be noted that the gaseous products

of the method of this further modification are carbon
monoxide (together vith some carbon dioxide) and sulphur
dioxide (togéthe£ with some residual OXygen). This
provides the possibility of fixing the sulphur dioxide

as element#l sulphur by catalytic reduction of the sulphur
dioxide with the carbon monoxide. Thus the sulphurx dioxide
issuing from the oxidising unit 15 is passed tﬁrough z
cleaner 27 and an oxygen Separator 28 to a catalytic reducer
29 which also receives the carbon monoxide after the latter
has been passed through a scrubber 31 to remove the carbon

dioxide,

Although the previous discussion has been restricted

| v e i,




10

25

0C16595

- 13 -

to zinc extraction, it is to be appreciaéed that tha
method described above could also be applied to the

smelting of other non-ferrous metals from their sulpl.id.:
ores, Thus, for example, blister copper ccould be exirnctng
from ‘a copper sulphide ore containing lead, antimony,
arsenic and bismuth impurities. In this case the vciatiie
impurities would be removed in the vessel 13 with the
blister copper being obtained as an outflow from the-
oxidising unit 15. Nickel sulphide ores could be smeltegd
in the same way as copper sulphide ores, Similarly,
using. a copper/nickel/cobalt sulphide concentrate, which
would conveniently be introduced intc the molten matic

through the slag layer, the outflow from the oxidising

- unit 15 would be a c0pper/nickel/cobalt alloy which

could then be cast into an anode material for .electra-
refihing into its constituent elements, As a further
altérnative, the process of the invention could be used
to recover tin from a complex tin sulphide cre, in
which case the wvolatility of the tin =silphide would mszn
that most would be removed in the vessel 13 without

undergoing chemical reduction.

BAD ORIGINAL é‘?'.ﬁ\;
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1. ) A method of recovering a non-~-ferrous metal fiom

a sulphide ore of the metal using a metal extraction
circuit from which said non-ferrous metal or its sulphide
can be continuously extracted at an elevated temperature,
the method comprising the steps of forcibly circulating a
molten sulphide carrier composition through the extraction
circult, introducing the sulphide- ore into the molten
carrier composition at an ore reéeiving station so that
the ore is dissolved in or melted by the composition,

and contacting the molten carrier composition containing

sald ore with coxygen at an oxidation station so as to

oxidize at least part of the ore and/or the molten carrier-

‘composition, heat generated during the oxidation stew
being recovered by the molten carrier composition and
being transmitted thereby to endothermic sites in the

circuit.

2. A method ¢f recovering a non-~ferrous metal from a

sulphide ore of the metal using a metal extraction

circuit from which said non-ferrous metal can be continuously

extracted, the method compxrising the steps of forcibly
circulating a molten sulphide carrier composition through
the circuit, introducing the sulphide ore into the
circulating molten carrier composition at an ore :
receiving station so that the ore is dissolved in or melted
by the composition, and éontacting the molten carrier
composition containing séid ore with oxygen at an oxidation
station so that (a) the sulphide ore is converted to the
non-ferrous metal to be extracted, or (b) a further
sulphide in said composition or said ore is converted to a
material capable,  directly or after further processing, ‘
of reducing said sulphide ore to produce said non-ferrous

metal to be extracted, and subseguently removing said

3
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non-ferrous metal, heat generated during the oxidaz:.:
step being recovered by the molten carrier compositicn
and being transmitted thereby to endothermic sites :-.
the circuit, :

3e A method as claimed in claim 2, wherein the metali
to be extracted 1s zinc, the molten sulphide composition
contains copper sulphide and the oxidation converts ihe

copper sulphide to copper which then defines said material

H

capable of directly reducing the zinc sulphide ore tc zinc.
L. A method as claimed in claim 2, wherein the metal

. to be extracted is zinc, the circulating molten composition
contains iron sulphide and the oxidation converts txe

iron sulphide to iron oxide which defines saig material

'capable, after further processiné, of reducing -the zinc

3 + : . :
s zinc, the further processing of the iron

5. A method as claimed in claim 2 wherein the metal
to be extracted is copper or nickel and the oxidation
converts the copper or nickel sulphide ore to the required

copper or nickel,

6. A method as claimed in any preceding claim wherein
the extraction circuit inclu¢es a reduced pressure vessel
where a volatile material in the form of said metal or
sulphide to be extracted or a wvolatile impurity is remcved

by suction.

7 A method as claimed in claim & when appendant to claim
1 wherein said ore is a tin sulphide ore and tin sulphide
is removed as the wvolatile material in the reduced pressure

vessel,

9
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8. A method as claimed in claim 6 wherein the ore is
reduced in said vessel to produce said metal to be
extracted oxr said volatile impurity.

9. A method as claimed in claim 6 wherein the suction -
provides at least part of the motive force required to

circulate said molten sulphide coméosition.

" 10, A method as claimed in claim 9 wherein said molten
composition is caused to circulate by injecting a gas

into said composition at said reduced pressure vessel so as
to produce a localised decrease in the density of the
composition and thereby allow the suction to draw the

compositién into said vessel.

11e A method as claimed in any preceding claim whereir
said circuit incliudes a slag removing station where

surface slag on the composition can be removed.

12, A method as claimed in claim 11 wherein the slag

is cleaned prior to removal from the carrier composition.
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